Introduction
Influenza is a vaccine preventable infection and commonly presents itself as acute self-limited respiratory tract illnesses. It occurs worldwide as annual epidemics of variable severity during the cold season. Although it mainly affects respiratory tract, other systems such as muscular system may also be severely affected by the infection. One of the influenzaassociated conditions known as influenza-associated myositis (IAM) is a poorly known entity, among public and medical community. IAM is one of the muscle syndromes associated with infections, also called benign acute childhood myositis, ranging from myalgia to rhabdomyolysis with kidney injury. Although it has also been reported in adults, 1 IAM is primarily seen in preschool aged children at early convalescent phase of the infection. Predominant clinical feature is sudden pain and weakness in the legs especially located to bilateral calves and may lead to difficulty in walking. It has usually a benign and self-limiting course, but there are also several reports indicating a more severe course and potentially life threatening complications. 2, 3 Consequently, acute and dramatic presentation of IAM may cause apparent anxiety in parents and diagnostic confusion for doctors.
Herein, we present retrospective clinical and laboratory data on 10 children with IAM admitted to paediatric emergency room of a university hospital consecutively within the first three weeks of January 2014.
Methods
We defined a case as IAM when meeting the following conditions: localised myalgia in legs and/or difficulty walking, normal neurological examination, elevation of serum creatine phosphokinase (CPK) and laboratory confirmed influenza by multiplex real time reverse transcriptase polymerase chain reaction (rRT-PCR) method. All patients admitted to paediatric emergency room of Istanbul Medical Faculty, a tertiary university referral centre in Turkey, between November 2013 and May 2014, were screened by diagnostic codes. Ten of the 20196 cases screened were detected benign acute childhood myositis, all of whom were found to be influenza positive. Medical records of the patients were retrospectively analysed. We retrieved clinical and laboratory data for each patient as follows: age, gender, presentation symptom, duration and characteristics of influenza-like illness, duration and characteristics of muscle symptoms, accompanying symptoms and signs, findings on physical examination, laboratory parameters on admission (complete blood count, CPK, aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), creatinine, urinalysis, and if existed, Troponin T, creatine kinase MB (CK/MB), electrocardiogram (ECG), duration and course of disease. We also collected information on vaccination status of these patients for the 2013-2014 influenza season.
Influenza virus detection
Nasopharyngeal swabs were collected using Virocult (Medical Wire & Equipment, UK). EZ1 Virus mini kit V2.0 (Catalog number: 955134, Qiagen, Germany) was used for total nucleic acid extraction. Real-time PCR based, multiplex FTD  Respiratory Pathogens 21 kit (Fast-track diagnostics Ltd. Malta) was used for detection of respiratory pathogens on RotorGene Q platform (Qiagen, Germany). The kit is able to detect following 21 respiratory pathogens: Influenza A, H 1 N 1 , i n f l u e n z a B , rh i n ov i r u s , c o ro n a v i r u s NL63, 229E, OC43, HKU1, parainfluenza 1, 2, 3, 4, 
Results
Multiplex diagnostic kit became available in the laboratory in November 2013. Between November 2013 and May 2014, a total of 1010 samples of nasal secretions were analysed by multiplex rRT-PCR in National Influenza Reference Laboratory located in Istanbul Faculty of Medicine. Influenza was detected in 87 samples (8.6%), 55 were influenza A and 32 were influenza B. Influenza virus was detected first in week 48 of 2013 and finally in week 20 of 2014. Influenza A detections peaked between the week 52 and week 3, and influenza B peaked in between 7th and 9th weeks.
Ten patients with benign acute childhood myositis were detected among all admissions to emergency room and according to laboratory records, influenza viruses were determined in all of them. Influenza B was determined in 6 patients (60%), and influenza A in 4 patients (40%). Clinical characteristics of the patients are shown in Table 1 . All patients were admitted with a sudden onset of leg pain, resulting in inability in walking in 8 patients (80%). There was a marked discordance in gender distribution: 8 boys (80%) and 2 girls (20%). Mean age on admission was 69 months (range: 48-100 months). All patients had a history of feverish respiratory illness before the onset of leg pain. Accompanying symptoms were cough in 9 patients, rhinorrhoea in 5 patients and sore throat in 4 patients. The median interval between onset of respiratory illness to onset of myalgia was 3.3 days (range: 2-7 days). On admission, 4 patients (40%) were febrile. Pharyngitis was detected in 5 patients and rhinitis in 3. Lung auscultation was normal in all patients. Neurological examination revealed mild decrease in muscle strength in lower extremities of two patients. Bilateral calf muscles were tender on palpation in all patients. Rest of the physical examination was unremarkable in all patients. None of the patients were vaccinated against influenza for the current season.
The most striking laboratory finding ( Table 2) in all patients was high CPK level (median value: 2967.26 U/L, range: 953-8854 U/L). LDH and AST values were also high in all patients. ALT value was about 7 times higher than normal limit in patient 1. C reactive protein (CRP) was slightly elevated in 3 patients (median: 1.00 mg/dl, range: 0.10-7.50 mg/dl). Haematological abnormalities like leukocytopenia, neutropenia, lymphopenia and thrombocytopenia was quite frequent in our cases ( Table 2) . Myoglobinuria was not detected. Troponin T was measured in 5 patients without specific clinical indication other than patient 7, who had sinus tachycardia in the absence of fever. He was also the only patient having p o s i t i v e t r o p o n i n T v a l u e . H i s E C G a n d echocardiogram revealed T wave negativity on V1-V2 and mild left ventricular dilatation respectively. He was accepted as myocarditis and recovered with supportive therapy attaining normal ECG and echocardiogram at the end. Seven patients (70%) were hospitalised for a median of 2 days (range: 1-4 days). They were treated with intravenous hydration and analgesics when needed. The median duration of time for recovery of myalgia was 2 days (range: 1-3 days). 
Discussion
Benign acute childhood myositis is a rare, self-limiting musculopathy seen at early convalescent period of viral diseases. Only in rare occasions can other viruses other than influenza infection induce myositis, therefore it is referred as "influenza associated myositis (IAM)". In this report, we presented data from our experience of ten patients with IAM, clustered within 3 weeks of January 2014 in order to put on information on literature about this issue.
There is limited number of studies that identified the virus by PCR method. In these reports influenza B is more commonly associated with IAM. [5] [6] [7] It has been suggested that NB glycoprotein, which is an integral component of the membrane of the influenza B virion may be the cause of its myotropy, but it still needs confirmation. 7 Influenza B was the most frequently detected virus in this report as well, seen in 60% of cases. It is worthwhile to mention about a relatively high percentage of influenza A (40%) in our patients when compared to similar reports in the literature, which give the rates of influenza A in between 5%-24%. [5] [6] [7] [8] Although not clearly stated, we thought that influenza B may be the dominant virus of the geographies on that time interval, reported in these studies. However, according to national influenza surveillance data, influenza A was the dominant virus for current season in Turkey when IAM cases were detected. This may explain the relatively higher rate of influenza A in our patients compared to other studies. On the other hand, our results also confirm the increased association between influenza B and IAM, because influenza B was the most commonly found influenza virus in our IAM cases, although according to surveillance data it was observed with a low incidence in the population at that time. It should also be stressed that our virology laboratory used a kit of multiplex real time reverse transcriptase polymerase chain reaction that can determine 21 respiratory pathogens from nasopharyngeal secretions and we determined no cases of myositis related to other viruses except influenza A and B throughout the cold season of 2013-2014 among 1010 cases.
IAM is a frankly stereotyped disease, it has clear demographic, clinical and laboratorial characteristics as reported in the published literature. [5] [6] [7] [8] [9] [10] Our descriptive analysis also revealed similar findings such as the median age of 69 months, predominance of boys (80%), typical and benign clinical picture, absence of neurological findings, laboratory findings of increased CPK, AST, and haematological abnormalities. It should be stressed that no imaging studies, electromyogram or any other invasive procedures like lumbar puncture were performed in our case series. This clear picture helps in diagnosis if the clinician is familiar with the disease. However, a study from Germany described an outbreak of IAM and it pointed out that of the 165 participating physicians 57% said they definitely had never seen this syndrome before and 19% did not remember having treated children with this syndrome before. 6 IAM should be included in the differential diagnosis of children with sudden difficulty walking. Most alternative diagnoses can be readily excluded. Nonspecific myalgia is less severe and occurs at the climax of influenza infection. An elevated CPK combined with normal muscle power and preserved deep tendon reflexes help to differentiate IAM from Guillain-Barre syndrome. Arthritis is frequently asymmetric in distribution and CPK values are normal. Similarly, in transient synovitis, symptoms are unilateral and leg pain may be localised to the hip, thigh or knee. Careful examination of the joints is also mandatory to differentiate IAM from rheumatologic diseases such as post-infectious arthritis and transient synovitis. Another clue for differential diagnosis of transient synovitis is the presence of joint effusion in about 70% of cases revealed by ultrasonographic evaluation. Transverse myelitis results in loss of sensory and motor function below the level of injury together with autonomic (bladder) dysfunction. Dermatomyositis is characterised by a subtle onset, chronic course and involvement of the skin. Deep venous thrombosis is an exceedingly rare condition in otherwise healthy children. It usually involves one extremity only and can be confirmed by Doppler sonography and determination of blood D-dimers. If muscle pain, swelling, and tenderness worsen rapidly or the condition does not resolve within a few days, additional investigations of urine and renal parameters are indicated. If rhabdomyolysis occurs, inpatient monitoring is indicated for early recognition and treatment of complications such as acute renal failure, electrolyte disturbances, or compartment syndrome. An important differential diagnostic feature is the absence of neurological signs, although the reluctance of the child to use the painful extremity can mimic muscle weakness. 8, 11, 12 IAM comes into scene when influenza is subsiding. We found that a median of 3.3 days were passed before the patients complained the pain in the lower extremities, similar to other reports. 5, 6 It should be reminded that 4 out of 10 patients were still febrile when admitted to emergency unit with leg pain and difficulty in walking. Similarly in the study group of Ferrarini et al more than half of patients were found to be febrile (28 out of 49) on admission. 5 Thus, it may be said that although the climax of viral infection mostly subsides, systemic effect of Influenza may still continue when severe myalgia begins.
The most frightening complication of this clinical picture is rhabdomyolysis with myoglobunuria, which may result in electrolyte disturbances, acute renal failure and compartment syndrome. It is reported to be 3% in a review of 316 reported children, which led to renal failure in 80% of them. 9 Rhabdomyolysis was not observed in our cases, similar to vast majority of published reports. However, it still remains the reason for hospitalisation of these cases. Majority of our patients (70%) were hospitalised for a median of 2 days. This is a more frequent rate of hospitalisation than similar reports, which may be explained by cautious approach to these patients with anxious parents. 5, 6, 13 However, it should be stated here that typical cases with right clinical setting can be handled as outpatient with close follow-up of the patient together with monitoring of CPK, urine output and creatinine, in order to prevent overlook of rhabdomyolysis and resultant renal failure.
Spontaneous and rapid recovery within a range of 1-3 days, which is another hallmark of IAM was observed in all of our patients as well. Treatment is mainly supportive including analgesics, antipyretics and intravenous hydration for renal protection in hospitalised patients. Specific antiviral therapy was not applied since it is not recommended 2 days after the illness onset. 14 However, whether administration of antiviral therapy for influenza from the beginning of infection can prevent occurrence of IAM is not precisely known yet. Prevention of this condition may be possible with vaccination. However, none of our patients were vaccinated against influenza.
Conclusion
In conclusion, IAM still remains an easily missed diagnosis for primary medical practice. Recognition of classic clinical and laboratory features of IAM, as outlined in our case series provides cost effective and appropriate approach which includes a careful medical history and physical examination, blood count with differential, CPK value, urine analysis and supportive treatment together with reassurance of parents and close follow-up. Since influenza is a vaccine preventable disease, vaccination should be encouraged to prevent this and other complications of influenza.
